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Since antiquity certain changes in the fingers have pointed toward
the probable coexistence of serious internal disease. Hippocrates1
stressed the diagnostic importance of exaggerated curvature of the
fingemails in empyemLAretae. ?2 in describing the crooked finger-
nails often found in association with chronic phthisis, attributed the
nail changes to a wasting away of all the soft tissues, particularly
of the distal nailbed.

AcCording to Ebstein,3 it waS Caelius Aurelianus (circa 200 AD.)4
and not Hippocrates who first drew attention to the incrase m volume
of the finger tip as the important feature in clubbing. Except for the
brief Hippocratic commentary references to crooked fingernails as a
diagnostic sign of empyema and phthisis, there was apparently little
interest in these digital changes during the subsequent years until
I832 when Pigeaux5 published the first definitive work on clubbing.
Bamberger in I889' and Ig9I7 and Marie in I89os discovered

the presence of bone and joint changes m a few patients with marked
clubb . The latter writer named this "osteo-tkropati hypertro-
phiaxte pneumique," and sometimes y rthic pulmonary osteo-
arthropathy is referred to as "Marie's disease." Since these original
descriptions of hypertrophic osteoarthropathy, there have appeared
several Comprehensive reviews on the subjeCt.31"

Clubbing and, much more mifrequently, the full syndrome of hyper-
trophic pulmonary osteoarthropathy have been observed not only with
certain types of lumg disse, but also in association with cardiovas-
cular lesions, extrathoracic abnormalities, and as a primary familial
or nonfamilial disease unaccompanied by other disorders.z Although
classically important in the diagnosis of bacterial diseas of the lungs,
the development of surgical techniques for pulmonary resection has
provoked more and more interest in the study of dubbing because of
the frequent assoation of dubbing with carcinoma of the lung.
The cinical findings3 81 and roentgenologic pictureu1,lT,l2z23 have

been thoroughly descibed in clubbing and hypertrophic osteoartro-
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pathy. The histologic changes in the skeletal system have been re-
ported in detail by Crump2' and others.2-2 There is, however, some
lack of dLarity as to the struca alterations involved in clubbing.
W-ith respect to the pathogenesis of this disease, much rema to be
learned, and we are today reminded of Samuel West's comment i
I897: "Clubbing is one of those phenomena with which we are all so
familiar that we appea to know more about it than we really do.""

DEFNTION AND CLINICAL DsrON OF CLUBBING
Clubbing is caracterized by a bulbos enlagement of the distal

segment of a digit. This digital segment may approach spherical form
in marked dubbing. Toes are usually affected as well as fingers, except
in cases of unilateral clubbing. But the deviations from normal in
toes are more difficult to ascertain because of the effects of shoes and
posture.

Lovibond3l was the first to publicize objeCtive measurement of the
"xproffle sign" as the criterion for dubbing. When a nonclubbed digit
is flexed at the distal inter ngl joint, it is observed that an
angle is formed by the following two lines drawn in the midsagittal
plane: a line parallel to tlhe nail at the nail base; a line resolving the
surface contour of the soft tissue pimal to the nail o the dorsum
of the distal phalanx. The apex of this angle normally points toward
the palmar side of the digit, and the angle is equal to approximately
I600. The essential change in dubbing is an increase of this angle,
approaching a straight line. In exaggerated clubbing, this angle may
be greater than I80° and the point of union of nail and soft tissue
at the nail base projects dorsally.
The beginning stages of dubbing can be detected by palpation at

the base of the nail In early dubbing the nail becomes more freely
movable. The examiner notes a spongy sensation as though the nail
is being ballotted on an edematous pad. The skin over the nail base
is smooth and shinig; the mute in creases disappear. Color
changes are not constant, but cyanosis of the nailbed and increased
pink hue of the skin at the nai base are often observed. The process
of dubbing is usually pamless and so gradual as to proceed unnoticed
by the patient. An exception to this is sometimes the dubbing occur-
ring with lung carcinoma, which may be abrupt in onset and assocated
with pain and difficulty in moving the fingers.

SUMMARY OF PREVIOuS DEnCRIONS OF CLUBBING
Pigeaux in I8325 wrote that blood-tinged fluid infiltrated the soft

tissues under the nail and thus elevated the nail. However, he could
see no c ges microscopically. Several reports in the next 80
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years'5 were remarkable chiefly in their variance with one an-
other over the histologic descrption of the clubbed digit
Grfe and Schneider (19I3)37 concluded that the chief reason for

abnormal curvature of the nail was ise thik of the nailbe
Locke reported in I9I513 that there was some edema of the cutis and
thick.ening of arterial walls. In 1923 Schirmer3 reported the unique
fining, in the subcutaneous tissue, of a net of fine connective tissue
fibrils with a homogeneous basophilic ground substance i which many
capllaries and a few infiltatons of roumd cll were seen. The
homogeneous gro substance gave a reaction with thionine and
mucicarmine in a manner t withm n Schirmer postulated
that clubbing might be due to an embryonal mucous sutance
replacing the adult type of subcutaneous connetive tissue.
Campbel in I92439 publised desptions and photomicrographs of

one clubbed and one normal finger. He pointed out that the essential
difference between the two was edema of the tissues of the finger tip,
especialy in the na -i In 1950 Bariety and Coury'7 noted capi
dilatation and edema as the sole pathologi changes.

Lovell (I950)) exmined 5 clubbed and 2 ormal finges fixed d
staind by an intra-arterl injection tehnique. In the dubbed fingers
the nailbed was thicer tn the normal state; this was due to
an incease in connective tissue. Less obvious was the mcreased thick-
ness of the fibrous ae enclosing the pulp. In a dubbed specimen
from a patient with a connital heart disease the superficial venous
pleuses were conspicuously dilated, e lly n the naiD The
mijection of neoprene into the blood vessels and clearing by the Spalte-
holz technique showed no difference i vascular filing among 4 normal
and 3 clubbed specimens.

Gall, Bennett and Bauer (I95i)* described the pathologic features
of clubbing in connection with a study of the bone and joint changes
in generalized hypertoic e thropathy. It was reported that
the collagen bundles in the digits were swollen. Soft tissues were
infiltrated by lymphocyte and plasma cells. The periosteum showed
only minimal chan division into outer fibrous and inner cambium
layers.

Schoenmackers in I956' studied clubbed toes from 26 cases of
cyanotic heart disease, 5 cases of mitral stenosis, and 22 controls.
He confirmed the increased thicke of the nailbed. In the nailbed
sections were foc of icreased translucency where elastic and collagn
fibers were not discernible. In some cases there were markedly con-
gested venous siuses. In a few specimens the glomuses showed
definite enlargement.
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The published reports on the structural alteratons of clubbing
agree in there being no change or only minimal modifications in the
bony structure of the terminal phalanx Soft tissue changes have
been held rsnsible for the digital nlar nt. Edema, inrease
in connec tissue, arterial , clary diatation, and
mild chronic inflmm n have been noted in most of the more recent
publications. The need for a comprehensive study of clubbing is made
apparent, however, by the contradictions in the previous descrpions
and the limited number of reports. In fact, a sin specmen was
examined in most of the studies and (except in 3 inst ) i
reference to control material was not made.

METODS
The hands and feet of all 350 patents e d at necropsy at

the Institute of Pathology of the Uniersity of Munich durIg a
4-month period were in ia for the presence of clubbing. The
degree of clubbing, when present, was estated in abitary grades
I to V. Grade I denoted icrease of the profile sign" anle to be-
tween I600 and I800. Clubbing of grade II severity sted when
the nail and prximal soft tissue surface were in a straight line. In
grde m the dorsal angle at the junctin of the nail and soft tissue
was slightly greater tha g80, but the circumference of the distal
alngl segment was appoxmately equal to that of the next

proximal segment. Grade IV denoted an angle greater than 1800
with the ratio of the diameter of the terminal phalanx to the dimeter
of the proximally adjaceit phalanx slightly greater th unity. In
grde V there was marked protrusion of the angle formed by the nail
and the soft tissue at the nail base. There was also bulbous enlarge-
ment of the finger tip so that the diameter of the terminal segment
was markedly greater th that of the p ly adjacent segment.
Ten instanc of clubbing were found, and 29 cases without club-

bing were selected as controls. With the excption of a 7-month-od
child, the controls ranged in age from 21 to 74 years (6 cses being
in the third decade, in the fourth, 3 in the fifth, 6 in the siXth, 7 in
the seventh, and i in the eighth). Fourteen patients were male and
is female. Table I lists the cases with dubbing.
The specmen obtained in each ase consisted of the entire terminal

segment of the left thumb, devoid only of the nail and the sk excet
for a longitudinal strip o.5 cm. wide on the palmar aspect where the
epidermis lay in situ over the entire length of the speimen. AU speci-
mens were subjected to the same treatment: fixation for 2 weeks in
Muller's formaln (io cc. of 4o per cent formalin mixed with a solution
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of 2.5 gKnKaCr)Or andI gll. Na2SO4 in ioo cc. of H20); washing;
dintwaization min per cent HNOs; cutting of a thin midsagittal

blk&; nin S per cent Na2SO4 solut; washing; em-

bedding m cdin tal s s wre cut at iS to 20

Sectis from all 39 sp s we a li and

Tmz I
Can Wihb

cm hAm 5= DChomInd
I 36 F ahoi mpyema

Tubercuois
Tertiary sypbis

2 52 M Rheumm heat dies

-b aorti-

3 9 Mo. l heartd

(9 type)
4 59

s 33 Broinhimtais
Chonic pbnitis

6 3S Hodk's dise

(pulmuaay mo wt)

7 35 Croni mpym

8 Nx marked dmnpyumn and
brom htis (ar

9 27 Bru.xhiectais

Brain abs

Pruent nungitis

10 38 ahroici

Brumchiectasis

Syphilitic en gis

I 2.0mm.

I

H[ 1.2 mm

m
2.5m.

2.5 mm

m 3.omm.

TV

IV 2.5mm

V

* With ylr peioditifs of tibia, ibula, ra&u an uhd

eosin. In add , mi ions of the dubbed and 5
controls were stained by Verhoeffs method for elastic fibers4 and
with Alian blue for the donstan of m 4ci The last nmed
saining hnique is not spific for mucin sice chondroitin sulfuri
acid as well as mucoitin-sulfurk acid comexs
with the dyse.

Thle ick of the ilbed varied from I.0 to 1.7 mm. in the
controldspecimens except for 3 cases where the ices was 2.0 mm.
from the nail to the bon. Figur 4 and 6 demonstrate anor ob-
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servation when the sections we ewed without the aid of a micro-
scope. There was increased tanlucency in the proximal half of the
nailbed with the small blood vessels standing out in bold relief. The
periosteum of the nailbed was also thicker m the dubbed specimens
than in the controls. However, there was no gross change i the struc-
ture of the bone and soft tissues on the plmar side of the palanx.

Microscopically all the dubbed specimens but one showed a less
dense organization of connective tissue in the proximal nailbed (Fig.
8). The colagen fibrils and cells were separated by a greater distance.
The fibroblasts (Fig. Io) a ed more primitive, exhibiting large
nuclei, abundant faintly basophilic cytoplasm, and long reticular proc-
esses. The overall scarcity of formed eleents with large fibroblasts
set in a reticular network was most c tic of the regions of
translucency noted on gross exadon, but this appearance extended
to the distal portion of the nailbed. Here there was increased widening
of the interfascicular spaces even in places where there were thick,
dense colagen fibers.

In most of the dubbed specmens there were more lymphocytes
scattered extavascarly through the nailbed than in the controls.
In dubbed specimens from cases 7 (Fig. iI) and 9 there were focal
perivascular accumulations of In hal the cases there
was a moderate incrase in the number of tissue eosinophils. It is
noteworthy that the increased numers of lymphocytes and eosmo-
phils occurred only in the naibed and not in the soft tissues on the
pamar side of the phalanx.
The periosteum of the nailbed was thickened in the more severely

clubbed specimens. Penetrating deep into the periosteum were small
blood vessels immediately e p by loose reticular tissue.
Extravascular lymphocytes were observed in these projections. Four
of the cases with dubbing demntat an abnormality in the perios-
teum on the palmar side of the bone. One or two sa collections of
loosely textured connective tissue imilar to that of the naibed were
fotmd between the cambium and fibrous layers of the plmar perios-
teum (Fig. 12).
The arteries in the nailbed were of larger size than those in the

controls, but the incrase m size appeared only co nate with
the increase in soft tissue of the ilbed In sections from dubbed
cases 4 and 7 there was glomus formation throughout the length of
the nailbed. The vessels, appearing to be arteriovenous anastomotic
units,45 were of increased caliber and number (Fig. 14). The vas-
cular elements witlhin a section of a glomus were also more widely
separated because of the widening of the interstitial spaces.
The specimen from dubbed case 8 (Fig. 5) was an exception to
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the pattern evident in the other specmens. The corium of the plmar
aspect was ireased r mately o.s mm in thicness when com-
pared to the other dubbed specimens and controls. This increase in
thicknes was caused by the presence of an abnormally thick, dense
mat of coagen fibers. Other abnormaliis were retricte to the
nailxbed n is region there was no widening of the interfascicular
spaces. The connective tissue was very c t organized. The
entire s oe The vascular com-
ponents of the glomuses were thick-walled and encased in a thickened
fibrous sheet There was no crease in the numb of extravascuar
lymphocytes or eosinophls.

Table II snm the individual observations and shows the
rather good correlation among incr thiss of the naid,
extent of ntersftital edema of the nai, and the dinical grade of
dlubbing.

TAz H
Tke AxSook Changa ix Clubbing

Nabod P i

Grade Ilze Iwemd Kreld NabuI-tpe
o mmedof amof. x cnsA-V f s

I I + + + + 0 0
2 I + + 0 0 0 0

3 II + + 0 0 0 0

4 I + + t 0 + 0

s m + ++ + + o +
6 m ++ ++ + ++ o +
7 IV +++ +++ +++ o ++ o
8: IV + o o 0 0 0
9 V +++ +++ +++ + o +
10 V I +++ + + o +

* Endostosis
t Accmulatios of y l
tDam in nar corium, fatytysue sepa
I Part of nailbed was ia t emvecL

Few controls showed the abnormalities described in the clubbed
specimens. I thi (to 2.0 MM.) and looseness of teture
of the nailbd with widened iterfascicular spaces and large fibro-
blasts in a fibrillar networkl were present in the case of a 29-year-old
female with sarcoma in the meiastinum and bilateral pulmonary
infiltrations. The microscopic structure of the nailbd was similar to
that in clubbing of grade I severty. No control possessed the loosely
tered tissue on the palmar side of the phalanx described in dubbed
cases 5, 6, 9 and IO, or any icease i number and size of arterio-
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venous connections in the plane of the section as in clubbed cases 4
and 7. A moderate crease in the number of diffsely distributed
extravascular lymphocytes in the nailbed was observed in a 40-year-
old male with carcinoma of the stoah There was also a slight
crease in the number of tissue eoshK ls scattered through the

pximal hail of the nailein the specimens from the following
controls: a 27-year-old male with chronic caseous pulmonary tuber-
culosis and chronic empyema; a 30-year-old female with thrombo-
cytopenic pura secondary toam re sensitivity; and a 5i-
year-old male with complications of arteriosclerotic coronary artery
disease.

Since there have been several reports attributing the changes m
clubbing to hypertrophy or edema of all the soft tss of the digit,
2 CaSeS were studied in which each of these changes was observed
upon gross exanion. Specimens from two manual laboers with
digital hypertrophy showed neither incrased thickness nor micro-
scopic abnormality of the nailbed In one of these (Fig. 2) there
was increased thicness of co n i the palmar oum and some
displacement of the fatty tissue by dense connective tissue on the
palmar side of the distal phalanx; in the other, the hypertrophy was
due to increase of all tissue components without distortion in the
pattern of arrangement except for hyperkeratosis.
Of 2 cases with generalized anasar including edema of the digits,

one had nailbd this of 2.0 mM. with the only microscopic ab-
normality being swelling of the clagn bundles in the septa of the
fatty tissue layer on the palmar side of the phlanx. In the other
(Fig. 3) the nailbed was 1.7 mm. thick. There was a slight increase
in the width of the interfascicular spaces of the nailbed, but the large
fibroblasts of the clubbed specimens were lacking.
The stain for elastic tissue confirmed the findings made with hema-

toxylin and eosin: there was no change in the distribution of elastic
fibers. The clubbed specmens and all 5 of the controls tested gave
the same reaction when subjected to the Alcian blue staining tech-
nique for the demonstration of mucin and chondroitin. The articular
cartilage at the interaael joint was stained, the intensity varymg
inversely with the sanwce from the joint cavity. Bone showed no
affinity for the dye. The soft tissues combined mini and uni-
formly with the stain.

DISCUJSSION
Changes in the nailbed were responsible for the alteration in size

and configuration of the clubbed digit i this study. Increased thik-
ness of the nailbed was noted in every case. Clubbing was present
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when the thicke of the nailbed eeded 2.0 mm is thicness
was due largely to interstitial edema in all but one case. Increase in
extravascular lymphocytes was observed in the majority of cases; in
2 cases there were several dense aggregations of thes cells. Increase
in the number of tissue eosinophils was more incnstant and less
striking. The periostem on the palmar side of several dubbed speci-
mens exhibited a prevalence of the loose-textured connective tissue

acteristic of the nailbed
The alteration in the glomeral patter of the naibd in cases 4 and

7 was of particular interest. In the plane of the section there were
more arteriovenous anastomotic units tasected in the control
s i . Comparison of Figures 13 and 14 i abnor-
mality. Unforunately, it was impossible from the material at hand
to quanttte this observation adequately. It was quite evident on
study of the sections that, as Popoff has emphasized, the glomuses
are most numerous in a plane parallel to the skin or nail surface. In
a random section perpendicular to this plane, however, the sampling
error does not permit valid condusions from the present study other
than to note that glomeral patterns in 2 cases of clubbing suggested
increased number and size of the arteriovenous connecting vessels.
The glomeral structure warrants further study, utilizing sections made
tangential to the nail and skin surfaces.

Case 8 showed a more chronic form of clubbing. In this stage,
edema did not appear to be part of the lesion. Celular infiltrations
were also absent Incease in volume was due to ised deposition
of dense clagen i the nailbed, pamar corium, and fatty tissue septa.
That the digital changes in dubbing are different from those seen

with generalized edema of the hands or hypertrophy associate with
hard manual labor is evident. The llizaton of the interstitial edema
to the nailbed, and the other changes noted are unique to the disorder
of acute dubbing. The questions arise: Why are the changes found
i this site? What is the factor or combination of factors causing
the predilective involvement of the nailbed in dubbing?
The primal portion of the nailbed is metabolially active in the

elaboration of the fingrnail Another noteworthy characteristic of
the nailbed is the abundance of glomus formation in this tissue."4"
It has been reported that the number of anastomoses per square centi-
meter of surface area in one digit studied was 5IO in the bed, 236
at the finger tip, and o in the palmar tissue of the distal phln.

It was purticularly interesting to note in the thickened periosteum
of the phalanx, interfascicular edema and ma collections of the same
type of loosely ranged connective tissue emctered in the nail
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Cnimp24 descred regions containing sparse cells and fibrils in the
periosteum of bones showing hyperic periostitis. An increase in
cells with oxyphilic granules was noted in some of these foc. Gall
and co-workers" described edema as a prominnt feature of the early
periosteal change assoated with subperiosteal new bone formation.
Of importance is this morphologic similarity of the periostem in the
process of clubbing and in hypertrophic periostitis.

TaEOMES OF PATHOGENS
There is an abunce of spculation concerning mechaninsm of

dubbing in previous publications. Many eviews provide lengthy
theoretical discussions which do not require repetition. Certain recent
developments, however, merit attention.
One of the handicaps in the study of the pathogenesis of clubbing

and hypertrophic periostitis, despite numerous attempts to produce this
pathologic state experimentally, is the dearth of positive results.7.4"
Mendlowitz and Leslie4 anastomosed the left pulmonary artery and
left atrium in the dog, producing a right-to-left shunt with corre-
sponding desturation of yste arterial blood. It was shown that
in addition to cyanosis these dogs had an inse of cardiac output
after the shunting procedure. One dog so treated developed minima
but demonstrable changes of hypertrophic periostitis on certain long
bones.
The influence of certain surgical procedures on soft tissue, bone

and joint changes in hypertrophic osteoarthropathy with
carcinoma of the lung has been reported recently. Excsion of the
affected pulmonary tissue,1' ligation of tlhe pulmonary artery,52 section
of the nerve bra at the hilus,"' and severing of the vagus nerve
just below the recurrent laryngeal nerve" on the affected side, have
all been reported as bringing about prompt andc remission
of the peripheral signs and symptoms.

Mendlowitz18 has recently snma his studies on the abnormal
physiology of the digital crculation in clubbing. He has fod by
calorimetric measurement that acquired symmetrical clubbing is usu-
ally associated with increased blood flow in the finger tips, this icrease
in blood flow beng out of proportion to the increase in soft tissue
mass. Mendlowitz8M has propounded the theory that in dubbing
there is an icrease i pulmonary circulation without a corresponding
increase in the demand for blood in the systc circulation. This
produces a local oversupply of blood to the fingers and toes, and-in
cases of osseous involvement-to the affected bones. Questions un-
answered by this theory are: (i) What causes thiS nCreaSe in pul-
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monary circulation, if it does exist? (2) What is the mehanism
whereby digital blood flow is incrased? The function of the arterio-
venous anastomoses in the glomuses presumably involved, but how
is thlis effected?

Suui^Y AND CONCLUSIONS
Midsagittal sections of the thumb from io cases of dubbing and

29 nondubbed control specmens were e The alteration in
of the digit in dubbing resulted from an increase n thicness

of the nailbd In the series of cases studied, a thi of the nail-
bed of the thumb greater 2.0 mm. was found only in dubbed
digits. The nalbMd was loosely textured with large primitive-appearing
fibroblasts in a wide-meshed reticular network. There was often an
incrased number of extravascular ymphocytes and eosinophlls. In
2 CaseS the glomeral structure in the nailbed was altered, with more
coils of arteriovenous anastomoses t usuaL. Severely dlubbed sped-
mens commonly showed foci of tissue in the periosteum on the palmar
side which resembled the tissue in the nailbd In addition there were
edema and thickening of the peiosteum Review of the histologic
observations of hyrtrophic periostitis in previous writings revealed
that in the periosteum overlying altered bone there had been reported
foal edema and loose-textured connective tissue similar to that seen
in the nailbed in this stdy.

In one case of chronic clubbing no evidence of edema was seen.
The icreased thiness was due to increased coflagen deposition in
the nailbed and oru of the palm.

Further study of the subungual gomus dubbing is indicated.
The similarity of the periosteal l ions clubbing and hypertrophic
osteoarthropathy points toward a similarity i pathogenesis. The new
formation of bone observed in the long bones in the latter condition,
however, has not been observed in the nailbed in simple clubbing.
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LEGENDS FOR FIGURES
All photogaphs are of sectio ained with eato and osan.

FRo x. M ittal section throih the temil phanx of the left thumb from
a nbbed controL Forty-yea-old male with carinoma of the stomach,
and tastasis X 3.

FIG 2. Noncbubbed thumb from a 43-year-old male manual laborer who died
with perportal fibrosis of the liver and eagal varices. Thumb

s h ypertrohy of all tissue co nts. X 3.
FIG 3. GrOsslY edematous thuumb from a 6I-year-old female with edema of all

extremities sec to starvation hy i Except for osteoporosis,
there is essentially no variation in the section from the other control cases.
X 3.
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FIG. 4. Thumb from case 7. grade 1V severity of clubbing. Thirty-five-year-old
male with chronic empyema. Note marked increase in thickness of nailbed,
increased vascularity and incresed translucency of proximal nailbed. X 3.

FIG. 5. Case 8, grade IV clubbing. Fifty-one-year-old male with long history of
asthma. Necropsy amination showed marked emphysema and bronchitis,
chronic cor pulmonale Midsagittal section of thumb reveals increased thick-
ness and density of naihbed. There is increased thickness of dense connective
tissue subcutaneously and of fibrous septa in fatty tissue layer on palmar side
of the bone. X 3.

FIG. 6. Case 9, grade V clubbing. Twenty-seven-year-old male with bronchiectasis.
Changes present are increased thickness of nailbed, decreased density and
increased vascularity of proximal and middle portions of nailbed. Small region
of tissue similar to that of the nailbed is seen in palmar periosteum at junc-
tion of middle with distal third of phalanx X 3.

252 BIGLE



MORPHOLOGY OF CLUBBING

4

5

a

Mar.,-Apr, i958 253



Vol. 34, No. 2

FIG. 7. Midsagittal section of thumb (control specimen) from a 32-year-old female
who died with chronic glomerulonephritis Middle portion of nailbed with
bone on the left X 72.

FIG. 8. Chlubed case 7. Middle portion of nailbed with periosteum out of view to
left Apparent are the increased thickness of the nailed, relative hypocellu-
laiuty, widening of the interstitial spaces, and-in the center of the picture-
the Lrge fibroblasts. X 72.
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FIc. 9. Higher magification of Figure 7. Nonclubbed controL X 300.

FIGc io. Hgher magnification of Figure 8. Decreased tissue density, widened
interfascicular spaces, large primitive-appearing fibroblasts, dearth of mature
fibrocytes, reticular type of connective tissue fiber, and the increased number
of extravascular lymphocytes are characteristic of marked clubbing. X 300.
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FIG. ii. Clubbed case 7. Periostem of nailbed with bone in lower part of picture.
Dense perivascular accumulation of lymphocytes is seen. X 120.

FIG. 12. Clubbed case 9, bone above. Loose tissue with widened interstitial spaces
and vasculrization noted in periosteumn of palmar aspect of alanx Refer-
ence to Figure 6 will enable one to locate region in midsagittal section of
thum from which this highly mafied view is obtained. X 120.
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FIG. 13. Nonclubbed controL as in Figures 7 and 9. Glomus in distal portion of
nailbed with bone infenorly. Artery courses distally from left to right. Rami-
fications of artery are seen at right center. Glomus is composed of nutrient
arterioles, collecting veins, nerve fibers, and a major artery which divides to
form smaller arteries and arteriovenous anastomoses. The glomus in this
illustration is the largest encountered in all the slides of the 29 control cases.
X 72.

FIG. 14. Clubbed case 7. Region in middle portion of nailbed showing microscopic
alteration in vascular pattem. An artery is on the right; the rest of the photo-
graph is filled by whorls of vessels appearing to be arteriovenous anastomotic
units. X 72.
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